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Effects of Overall Equivalence Ratio on Flame Structure of Rich-Premixed n-Decane Spray
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Abstract : The flame structure of rich-premixed-spray jets in quiescent atmosphere was experimentally studied for different

overall equivalence ratios of the fuel spray/air mixture. N-decane was used as a low-volatility fuel to elucidate the local

heterogeneity effect. The overall equivalence ratio of the premixed-spray jet was varied with the fuel flow rate while the

air flow rate in the premixed-spray jet was kept constant. As the overall equivalence ratio was decreased from a quite large

value, the combustion mode transited from the combustion with the external flame alone to that with the external flame and

the internal flame. Further decrease caused disintegration of the internal flame. In this case, the internal flame oscillated

largely and a part of the internal flame was sometimes disintegrated into bubble-like internal flames, which disappeared

inside the external flame. The oscillation and disintegration of the internal flame was possibly caused by non-uniformity
in local flame-spread rate due to non-uniform droplet spatial distribution. Characteristics of the internal flame, including
transition from combustion with the internal flame to that without the internal flame, were discussed based on the analogy to

the spreading flame in the premixed spray.
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Fig.1  Typical photograph of burning premixed spray jet. The overall

equivalence ratio ¢sy of the premixed spray jet is 8.6 and the

oxygen concentration of the carrier gas is 0.30. Adapted from
Ref. 12.
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Fig.2 Typical photographs of burning premixed spray jets for different
overall equivalence ratios (d32 = 105 um).
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Fig.3 The droplet diameter distributions measured near the exit of the
burner without combustion for different overall equivalence ratios
of the premixed spray jet. Sauter-mean droplet diameter d32 was
105 um for each condition.
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Fig.4 The droplet velocity vs. droplet diameter measured near the

exit of the burner without combustion for different overall
equivalence ratios ¢s; of the premixed spray jet (d32 = 105 um).
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Fig.5 Typical photographs of the lower part of the burning premixed
spray jets for different overall equivalence ratios ¢sjy (d32 = 105
um).
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the premixed spray jet (d32 = 105 um). The external flame height
for 20 consecutive frames of 30 fps digital video and the internal
flame height for 30 consecutive frames of 4500 fps high-speed
video are plotted for each overall equivalence ratio.
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Fig.7 Temporal variations of the height of the internal flame for

different overall equivalence ratios ¢sjy (32 = 105 um).
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Fig.8 Intensified high-speed images of OH radical emission from

burning premixed spray for overall equivalence ratios ¢sj = 8.
The image interval is 1/4500 s.
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Fig.9 Intensified high-speed images of OH radical emission from

burning premixed spray for overall equivalence ratios ¢sy = 4.
The image interval is 1/4500 s.
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Fig.10 Combustion mode of the premixed spray jet and overall
equivalence ratio at the upper limit of the group combustion with
internal flame ¢sjuL. The open symbol shows combustion without
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internal flame. The closed square shows the case with internal
flame disintegration.
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